Liquid Chromatographic Resolution of 1-Aryl-2-nitroethanols and Methyl 2-aryl-2-hydroxy-4-phenylbut-3-ynoates by 胡笛
学校编码：10384                                      分类号  密级     








硕  士  学  位  论  文 




Liquid Chromatographic Resolution of 






专  业 名 称：分 析 化 学 
论文提交日期：2012 年 6 月 
论文答辩时间：2012 年 7 月  
学位授予日期：    
  
答辩委员会主席：           
评   阅   人：             
 














Thesis for Master of Analytical Chemistry 
 
Liquid Chromatographic Resolution of 
1-Aryl-2-nitroethanols and Methyl 
2-aryl-2-hydroxy-4-phenylbut-3-ynoates 
By 
Di  Hu 
Supervised by 






























另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 
















- I - 
目 录 
0摘 要............................................................................................................................. 2i 
1Abstract .................................................................................................................... 2iii 
 
2第 1 章 绪论..............................................................................................................1 
31.1 手性与手性分子........................................................................................................... 21 
41.1.1 手性 1-芳基-2-硝基乙醇化合物................................................................... 21 
51.1.2 手性 2-芳基-2-羟基-4-苯基-3-丁炔酸甲酯化合物 ................................. 23 
61.2 手性分子拆分的意义 ................................................................................................. 24 
71.3 手性高效液相色谱在不对称合成中的应用 ........................................................ 25 
81.4 手性高效液相色谱法 ................................................................................................. 28 
91.4.1 手性衍生化法.................................................................................................... 28 
1 .4.2 手性流动相法.................................................................................................... 28 
1 .4.3 手性固定相法.................................................................................................... 28 
1 .4.3.1 纤维素-三(3,5-二甲苯基氨基甲酸酯)手性固定相 .......................... 29 
1 .4.3.2 直链淀粉-三(3,5-二甲苯基氨基甲酸酯)手性固定相 ................... 210 
1 .4.3.3 手性识别机理 .......................................................................................... 210 
1 .5 本论文的研究设想 .................................................................................................... 213 
1参 考 文 献 ....................................................................................................................... 215 
1第 2 章 手性高效液相色谱法拆分 1-芳基-2-硝基乙醇对映体 ............. 2 5 
12.1 前言 ............................................................................................................................... 2 5 
12.2 实验部分 ...................................................................................................................... 2 8 
2 .2.1 仪器与试剂 ...................................................................................................... 2 8 
2 .2.2 1-芳基-2-硝基乙醇对映体合成样品 .......................................................... 2 8 
2 .2.3 色谱条件及参数 ............................................................................................. 2 9 














- II - 
2 .3.1 流动相中醇含量对色谱拆分的影响......................................................... 2 9 
2 .3.2 在Chiralcel OD-H手性柱上的色谱拆分................................................. 232 
2 .3.3 在Chiralpak AD-H手性柱上的色谱拆分 ............................................... 235 
2 .3.4 取代基对 1-苯基-2-硝基乙醇对映体色谱拆分的影响........................ 238 
2 .3.4.1 1-单取代苯基-2-硝基乙醇对映体的色谱拆分 ................................ 238 
2 .3.4.2 1-氯代苯基-2-硝基乙醇对映体的色谱拆分..................................... 242 
32.3.5 流动相中醇调节剂对对映体出峰顺序的影响 ...................................... 245 
32.3.6 温度对 1-苯基-2-硝基乙醇对映体色谱拆分的影响 ............................ 248 
32.4 本章小结 ...................................................................................................................... 253 
3参 考 文 献 ....................................................................................................................... 255 
3第 3 章 手性高效液相色谱法拆分 2-芳基-2-羟基-4-苯基-3-丁炔酸甲
酯对映体................................................................................................................... 266 
3 .1 前言 ............................................................................................................................... 266 
3 .2 实验部分 ...................................................................................................................... 267 
3 .2.1 仪器与试剂 ...................................................................................................... 267 
3 .2.2 色谱条件及参数 ............................................................................................. 267 
3 .2.3 2-芳基-2-羟基-4-苯基-3-丁炔酸甲酯对映体合成样品 ........................ 267 
43.3 结果与讨论.................................................................................................................. 268 
43.3.1 在Chiralcel OD-H手性柱上的色谱拆分................................................. 269 
43.3.2 在Chiralpak AD-H手性柱上的色谱拆分 ............................................... 271 
43.3.3 实际样品测定.................................................................................................. 273 
43.4 本章小结 ...................................................................................................................... 274 
4参 考 文 献 ............................................................................................................... 275 
4论 文 总 结............................................................................................................ 278 
4附 录..........................................................................................................................80 
4硕士期间发表的论文 ........................................................................................... 284 















- III - 
Contents 
5Abstract in Chinese ................................................................................................. 2i 
5Abstract .................................................................................................................... 2iii 
5Chapter 1 Introduction .........................................................................................1 
51.1 Chirality and chiral molecule................................................................................... 21 
51.1.1 1-Aryl-2-nitroethanols..................................................................................... 21 
51.1.2 Methyl 2-aryl-2-hydroxy-4-phenylbut-3-ynoates ................................... 23 
51.2 Significance of chiral separation ............................................................................. 24 
51.3 Application of chiral high performance liquid chromatography in 
asymmetric synthesis ......................................................................................................... 25 
51.4 Chiral high performance liquid chromatography ............................................. 28 
51.4.1 Chiral derivatization ....................................................................................... 28 
61.4.2 Chiral mobile phase additive ........................................................................ 28 
61.4.3 Chiral stationary phase................................................................................... 28 
61.4.3.1 Cellulose-tris(3,5-dimethylphenylcarbamate).................................. 29 
61.4.3.2 Amylose-tris(3,5-dimethylphenylcarbamate) ................................. 310 
61.4.3.3 Chiral recognition and separation mechanism .............................. 310 
61.5 Objectives and contents of the paper................................................................... 313 
6References ........................................................................................................................... 315 
6Chapter 2 Enantioseparation of 1-aryl-2-nitroethanols using high 
performance liquid chromatography ............................................................ 325 
62.1 Introduction................................................................................................................. 325 
62.2 Experimental ............................................................................................................... 328 
72.2.1 Instrumentation and reagents..................................................................... 328 
72.2.2 Synthesis of 1-aryl-2-nitroethanols ......................................................... 328 
72.2.3 Chromatographic condition and chromatographic parameters...... 329 
72.3 Results and discussion .............................................................................................. 329 














- IV - 
72.3.2 Enantioseparation on Chiralcel OD-H .................................................... 3 2 
72.3.3 Enantioseparation on Chiralpak AD-H................................................... 3 5 
72.3.4 Effect of substitution on enantioseparation............................................ 3 8 
72.3.4.1 Enantiosepataion of single substitution 1-phenyl- 
2-nitroethanols ....................................................................................................... 3 8 
72.3.4.2 Enantiosepataion of 1-chlorophenyl-2-nitroethanols................... 342 
82.3.5 Effect of alcohol modifier on elution order............................................. 345 
82.3.6 Effect of temperature on enantioseparation........................................... 348 
82.4 Brief summary ............................................................................................................ 353 
8References ........................................................................................................................... 355 
8Chapter 3 Enantioseparation of methyl 2-aryl-2-hydroxy-4- 
phenylbut-3-ynoates using high performance liquid chromatography
...................................................................................................................................... 366 
83.1 Introduction................................................................................................................. 366 
83.2 Experimental ............................................................................................................... 367 
83.2.1 Instrumentation and reagents..................................................................... 367 
83.2.2 Chromatographic condition and chromatographic parameters...... 367 
83.2.3 Synthesis of methyl 2-aryl-2-hydroxy-4-phenylbut-3-ynoates.......... 367 
93.3 Results and discussion .............................................................................................. 368 
93.3.1 Enantioseparation on Chiralcel OD-H .................................................... 369 
93.3.2 Enantioseparation on Chiralpak AD-H................................................... 371 
93.3.3 Analysis of chiral methyl 2-aryl-2-hydroxy-4-phenylbut-3-ynoate 
samples ......................................................................................................................... 373 
93.4 Brief summary ............................................................................................................ 374 
9References ................................................................................................................... 375 
9Conclusion ............................................................................................................... 378 
Appendix 9 ..................................................................................................80 

























































- ii - 































- iii - 
Abstract 
Chirality, one of the essential attributes of the nature, widely exists over the 
world. The synthesis of optically active chiral compounds, especially the asymmetric 
synthesis of pharmaceutical products, is an important project in scientific filed of 
biology, chemistry and medicine, etc.  
Recently, the chiral high performance liquid chromatography (HPLC) was 
considered as one of the most efficient and accurate method to analyze enantiomeric 
purity because of its high efficiency and stereoselective and wide range of application. 
It’s widely used not only in the filed of analytical chemistry, but also in various kinds 
of asymmetric catalysis for the purpose of monitoring the process, screening the 
catalysts and optimize the reaction conditions. 
The thesis is aimed at studying on high performance liquid chromatography 
enatioseparation of 1-aryl-2-nitroethanols (α-aryl-β-nitroethanols) and methyl 
2-aryl-2-hydroxy-4-phenylbut-3-ynoates by chiral stationary phases (CSPs), both of 
which are important asymmetric synthetic intermediates. 
There are three parts in the dissertation: 
In the first chapter, the significance of chiral separation and the applications of 
chiral HPLC in asymmetric synthesis were briefly summarized. Next, we introduced 
the CSPs of HPLC and summarized the reported theory of chiral separation. At last, 
the content of the study was briefly shown. 
The second chapter investigated on HPLC enantioseparation of 1-aryl-2-nitro 
-ethanols by CSPs. The effects of the stationary phase, the alcohols in the mobile 
phase, the structure of enantiomers and column temperature on chiral separation were 
systematically discussed. We attempt to study the chiral recognition and separation 
mechanisms of CSPs between 1-aryl-2-nitroethanols enantiomers in depth from 
different perspectives, such as structure characteristic, elution order and thermodyna 
-mics parameters. The results of experiment showed, in comparison with Chiralcel 
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-ethanol enantiomers with n-hexane as mobile phase and ethanol as the additive in 
mobile phase. The alcohol modifiers in the mobile phase, the characters of the 
enantiomers structure and different temperature would effect the chiral separation of 
these chiral compunds to varying degrees. 
Based on the references, the last part of the dissertation studied on the 
chromatographic separation of methyl 2-aryl-2-hydroxy-4-phenylbut-3-ynoates by 
Chiralcel OD-H and Chiralpak AD-H with racemic compounds as references and 
established a way to determine the enantiomeric purity of methyl 2-aryl-2-hydroxy- 
4-phenylbut-3-ynoates.  
In the end, the HPLC methods based on our research have been used for 
determining the enantiomeric excesses of 1-aryl-2-nitroethanols and 2-aryl-2-hydroxy 
-4-phenylbut-3-ynoates, both of which are important asymmetric synthetic 
intermediates. It plays an important role on evaluating effectiveness of asymmetric 
synthesis reaction and screening high stereoselectivity catalysts. 
Keywords ： high performance liquid chromatography; enantioseparation; 
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图 1.1 乳酸的两个对映体的镜像关系[12] 














图 1.2 1-芳基-2-硝基乙醇结构图 
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图 1.3 2-硝基醇合成中间体的转化 







图 1.4 Henry 反应路线 
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图 1.5 丙炔醇合成中间体的转化[121] 
Fig 1.5 Propargylic alcohols as synthetic intermediates 
光学活性的炔丙醇化合物是一类重要的有机合成中间体，因为其具有多种反
应活性的官能团羟基和炔基，易于转化为很多其他类结构的化合物（图 1.5）。例
如，在SN2 反应中或用亲核试剂活化并直接替代羟基获得化合物 2 或者丙二烯类
化合物 3 等；有选择性地还原可以得到烷烃 4 或烯烃 5；使用金属试剂催化 2+2+2
环加成反应还可以得到苄基醇 6[ 120]；通过硅氢加成可以获得乙烯硅烷 7，并进一
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图 1.6 2-芳基-2-羟基-4-苯基-3-丁炔酸甲酯化学结构图 
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